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Overview of DOE Energy Systems - Fossil Energy Power Systems

A Supercritical carbon dioxide -based
power cycles of interest to FE

A Application of the recompression
Brayton cycle to boilers

A Advanced Ultra supercritical sSteam -
based cycle

A Allam cycle

A Advanced Ultra -supercritical
Component (ComTest) Project Update

A STEP heater
A Summary




sCO, Power Cycles

Two Related Cycles with Multiple Applications

Recompression Brayton Cycle Allam Cycle
A Multiple applications: FE, CSP, NE, WHR A Fuel flexible: coal syngas and natural gas
A Incumbent to beat: USC/AUSC boilers A Incumbent to beat: NGCC w/ post CCS
A >50% cycle efficiency possible A Compatible w/ RD&D from indirect cycle
A Extremely compact turbomachinery A >95+ % CQrapture at storage pressure
A Adaptable for dry cooling A Net water producer, if drycooled
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CO, Pressure - Enthalpy Diagram for RCBC N=|nAToNAL
pr—- TLJREoraioR

100 150 200 250 300 350 400 500 600 700 800 900 1,000 1,700 1,200 1,300 1,400 1,500

e

10,000

Function / equipment

10-1 Heat addition / boiler
1-2 Turbine expansionwork out

2-3 High temp. recuperation w/sp-20

1,000

N O ao@E

Pressure (psia)

3-4 Low temp. recuperation w/ sp 67

—--= Density (Ibm/ft})

B

4-5 Cooling / heat rejection

5-6 Main compression

4-8 Re compression

s

./.

0 100 200 300 400 500 600
Enthalpy (Btu/Ibm)

U.S. DEPARTMENT OF

(®) ENERGY




C : ——INATIONAL
Optimized Performance and Cost for Indirect sCO2 Coal Plants N=[E52Y
TL TECHNOLOGY
LABORATORY
Justification
A Indirect -fired supercritical CO , power cycles are being explored V—- o — —_—__ - -szd':

as an attractive alternative to steam Rankine cycles for a variety
of heat sources including fossil, CSP, Nuclear, waste heat etc.
A Understanding the performance and cost potential is important
for future investment into the technology
Mote: Block Flow Diagramis not intended to | _________________ L

Highlights
represent a complete process Only major

A Coal -fired CFB heat source coupled to SCO  , power process treams and equp et a show. PO Fan
cycles can be economically attractive compared to PC - ]
fired Rankine plants

A Recompression cycle with reheat offered highest plant nivaton A _ e e
efficiency and lowest COE for both capture and non - House ﬂ
capture plants . ) an O

A Partial cooling cycles had higher COEs for Midwest ISO o < «
ambient conditions but are expected to outperform Coal i P
recompression cycles at higher ambient temperatures mestone ———  — . T e | — I
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Outcomes L3
A Study is first of the kind to optimize SCO , plant designs using
simultaneous optimization tools available under FOQUS platform l,
while considering several design variables and sub -system models Botm
A 1dentified CFB and plant designs that have potential to achieve
lower cost of electricity
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Summary of Overall Plant HHV Efficiencies  |NFlioe,

Oxy-CFB with steam Rankin cycle VS sCO , modified recompression Brayton Cycles LABORATORY

ARelative to the steam Rankine
cycles:
3 At 620 AC,sCO,cyclesare 1.1 83.2
percentage pomts higher in efficiency

3 At 760 AC, sCO, cycles are 2.6 84.3
percentage pomts higher

o
o N

w w
A O

Plant Efficiency (HHV %)
w
(0]

w
N

AThe addition of reheat improves sCO
cycle efficiency by 1.3 01.5
percentage points

AThe addition of main compressor
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Power Summary (MW)

IC Reheat Reheat+IC

Base

IC

760 °C
620 °C

Reheat Reheat+IC

Coal Thermal Input 1,635 | 1,586 | 1,557 | 1,519 1,494
intercooling improves efficiency by Turbine Power 721 | 1,006 | 933 | 980 | 913
CO, Main Compressor 160 154 148 142
O 4 6 O 6 percentage pOIntS CO, Bypass Compressor 124 60 117 58
3 Main compressor intercooling reduces Net Cycle Power _ 721 711 708 704 702
compressor power requirements for  both e bERE Tt — O
the main and bypass compressors Total Auxiliaries, MWe 171 161 158 154 152
Net Power, MWe 550 550 550 550 550
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Summary of COE (w/o CO , T&S) N= | ooy

Steam Rankine vs. sCO , Cases TL LABORATORY

ANote that there is scl)gnificant uncertaint¥
In the CFB and sC component capital
costs (-15% to +50%2)

3 La&ge capital cost uncertainties being
addressed via external projects:

[ sCO, turbine (GE -GR)
[ Recuperators (Thar Energy) 110
[ Primary heat exchanger (EPRI) 105

AsCO, cases have comparable COE to 100
Steam Rank|ne plan'[ a 620 p, bUt Rankine  Base IC Reheat Reheat+IC
reduced COE for 760 fC cases Source: NETL

AMain compressor intercooling improves COE 2.2 0 3.5 $/MWh
3 Low cost means of reducing sCO , cycle mass flow

AReheat reduces the COE for the 620 £ cases, but increases COE for turbine
Inlet temperatures of 760 £

3 Due to the high cost of materials for the reheat portions of the cycle in 760 AC cases
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